In HeLa cells infected with type 1 poliovirus, the single-stranded viral RNA genome directs the synthesis of four capsid and ten noncapsid virus-specific polypeptides (Fig. 1).1 The size of the virus RNA is about 2 X 106 daltons,2 enough to direct the synthesis of about seven proteins with average molecular weights of 30,000. Since the average molecular weight of the three major coat proteins of the poliovirion (VP 1-3, Fig. 1 ) was about 27,000,3 one would expect to find only three or four noncapsid proteins comparable in size to the capsid proteins; instead, ten noncapsid polypeptides are demonstrable in the cytoplasm of infected cells ( Fig. 1) , six of which have molecular weights considerably larger than 30,000.4
In order to account for this discrepancy, we have examined the kinetics of synthesis of the spectrum of virus-specific proteins. Experiments with brief C14-amino acid pulses, followed by chases of varying duration, indicate that only some of the polypeptides seen in acrylamide gel electropherograms are "primary" translation products of the virus mRNA, and that others are "secondary" products which arise by conversion from some of the "primary" pro- Results.-As previously reported, infection with poliovirus at high multiplicity quickly inhibits host cell protein synthesis, even when replication of the virus RNA is prevented by 3 mM guanidine.8 Following guanidine removal, virus replication then proceeds normally, and virtually all the protein being synthesized is translated from the virus mRNA.1 Even though the virusspecific proteins never exceed more than 0.1 per cent of the total proteins of the infected cell,9 10 one can therefore specifically label the virus-directed proteins beginning early in the infectious cycle, at a time when only about 5 per cent or less of the virus RNA has been made (see inset, Fig. 1 ), and continuing up to the end of the cycle. In the cytoplasm of cells labeled from 11/2 to 4 hours after removal of guanidine (long label, Fig. 1 ) one can detect the three major capsid proteins (VP 1-3) and a minor capsid component (VP 4), all of which migrate with dissociated C'4-labeled proteins of purified poliovirus. In addition, the infected cell contains ten noncapsid polypeptides (NCVP 1-10). -The pattern of labeled poliovirus-specific polypeptides in infected HeLa cells after labeling throughout the infectious cycle. 1 X 108 cells were treated with 3 mM guanidine for 1 1/2 hr, washed, and then labeled 2 1/2 hr with 500 ,uc of mixed H3-amino acids. Cytoplasmic extract was prepared and mixed with C'4-labeled purified virus. The sample was then solubilized in neutral SDS buffer and analyzed by acrylamide gel electrophoresis8 (8 hr, 3 v/cm).
In this and subsequent figures the anode is to the right. C14 virus --0--; HI cytoplasm -* -.
Since the total number of polypeptides was greater than that expected from the size of the viral RNA, and since there were marked differences in the gel polypeptide-labeling patterns after brief and prolonged labeling (cf. Fig. 4 ), it seemed possible that examination of the cytoplasm at varying times after a short pulse with labeled amino acids would disclose the initial products of gene translation and products to which they might be converted. When cells were pulse-labeled for 3 minutes 2 1/2 hours after infection, and then chased with cold amino acids, progressive changes were in fact seen in the pattern of radioactivity in the cytoplasmic proteins as the time of chase was progressively increased (Fig. 2 , A-C). They are here described in the order in which the polypeptides appear in the electrophoretic pattern.
(1) NCVP 1, the largest of the virus-directed polypeptides,4 initially contained the most radioactivity. As the length of the chase was increased, the relative amount of label in this peak decreased rapidly, so that by 30 minutes (see Fig. 3A ) it had reached the low levels typical of a long-labeled cytoplasm ( (2) NCVP 2 was also labeled quite rapidly. Unlike NCVP 1, however, it remained quite stable over longer chase times, decreasing only slightly by 45 minutes in this experiment, and even less in others.
(3) NCVP 6 was labeled in a short pulse-chase and slowly increased throughout the chase.
(4) VP 1, the largest of the coat proteins,4 was labeled quickly, and the degree of labeling continued to increase over the period of the chase until it became the major peak in long-labeled infected cytoplasm (Fig. 1) .
(5) VP 2, one of the three major capsid proteins, was unique in that it was (6) VP 3, in contrast to VP 1, was labeled to only a small extent by a short pulse-chase, but the amount of radioactivity increased quite quickly by ten minutes (Fig. 2B) . Although the degree of labeling of this coat protein never reached that of VP 1 in the infected cytoplasm, they were present in equal amounts in purified virus (see Fig. 1 ).
(7) No definite statements can be made about the minor peaks seen in the long-labeled cytoplasm (NCVP 3-5 and 7, and VP 4), except that these components are reproducible and must be regarded as distinct virus-specific polypeptides. VP 4, a minor but constant component of whole purified virus, is found as a minute peak even in long-labeled cytoplasm.
(8) NCVP 8 and 9 are labeled more quickly than some of the other small peaks, but do not then decrease. Although minor components, they may, like NCVP 2, be stable polypeptides.
The possibility that the observed conversions require de novo protein synthesis infected and pulsed as described in Fig. 2 , and 300 -y/ml of cycloheximide was then added was tested by subjecting infected cells to a short pulse, and chasing for 30 minutes in the absence or presence of cycloheximide in concentrations sufficient to inhibit protein synthesis.8 As seen in Figure 3 , although cycloheximide partially prevented the increase in radioactivity in some of the "product" proteins, it did not qualitatively alter the pattern of protein conversion.
Discussion.-In our early studies of the translation of the polycistronic mRNA of poliovirus 1h it was apparent that the number of virus-specific proteins seen on acrylamide gels was in excess of that predicted from the size of the virus messenger molecule. With a virus RNA of 2 million daltons one would expect a combined molecular weight of about 200,000 of virus-specific proteins, about half of which would be capsid proteins.3 The total combined molecular weights of the proteins observed in the acrylamide gels is in fact about 500,000.4 However, the experiments reported here, which indicate that not all the proteins seen in the gels are primary products of translation, provide a reasonable explanation for the apparent twofold excess of polypeptide sequences.
Despite the complexity of the protein pattern in the acrylamide gels, and the difficulty also in analyzing the data quantitatively, we can tentatively designate certain of the large proteins as unstable "primary" products of translation (e.g., NCVP 1) which are converted to other proteins: some as stable "primary" proteins which remain unchanged (e.g., NCVP 2), and others as "secondary" proteins which arise by cleavage or some other alteration of the "primary" proteins (e.g., VP 2 and 3). Since, as shown in Figures 2 and 3 , the protein that decreases most in radioactivity during a chase is NCVP 1, and since NCVP 6, VP 1, and 3 increase in roughly the same combined amount as is lost from NCVP 1, we propose that the latter large, noncapsid protein is converted to the several smaller proteins.4
Precedents for the conversion of larger precursor polypeptides into smaller functional products are provided by the activation of zymogens (e.g., chymotrypsinogen) to enzymes (e.g., chymotrypsin), and the formation of fibrin clots12 by proteolytic cleavage. It has been suggested that insulin also is initially synthesized as a large polypeptide chain which is later cleaved to A and B chains.'3 Such conversion mechanisms may be essential to ensure that lytic enzymes or aggregating proteins do not express their functions at the wrong time or place, e.g., while the viral proteins are being synthesized on polyribosomes.
It is of interest that VP 2, which requires about 30 minutes to appear in detectable amounts, is present in approximately equimolar amounts with VP 1 and 3 in the completed virus particle. VP 2 is also the component which is decreased in the naturally occurring empty shells of the virus,'4 and in the lOS poliovirus capsid precursor particle.'5 This protein, which is present in small amounts in the cytoplasm and which appears slowly, may therefore be a "limiting protein" in the pool of protein precursors, and may thereby serve to regulate assembly of the virion.
Although small breakdown products found in the infected cell may be without function, others have a functional role. Thus, VP 4, which constitutes only a few per cent of the total weight of the virion, and which has a molecular weight of about 6000,4 has been shown to be preferentially released along with the virus RNA when poliovirus is exposed to high pH.14 If this protein is a "core" protein that exists within the virion in association with the RNA to stabilize the structure, its occurrence in very small amounts in the cell may, along with VP 2, limit the assembly of virus particles.
The elucidation of the precise precursor-product relationships of all the virusspecific proteins, especially the minor ones, must await further analysis of the peptide composition of each of the proteins. The gel patterns will also take on more significance when known functions of the virus, such as the virus-specific RNA polymerase,'6 can be correlated with specific noncapsid virus proteins. Studies along these lines are now in progress. 
